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ELECTROCHEMICAL SENSOR 

The invention relates to electrochemical sensors for determining the presence 
of a species in a liquid sample. 

Sensors are used generally in the field of science to test and monitor the 
presence or levels of a species in a liquid sample. Liquid samples that may be tested 
include biological samples such as blood or urine samples, to determine levels of a 
particular analyte associated with a disease state or water or dissolved soil samples to 
look for the presence of particular metals or pollutants. 

In many cases, samples from the body or from soil or water are taken to a 
laboratory for testing. In such situations, the sensor apparatus may be of any size and 
be powered by a mains power source. However, in some cases it is desirable to 
monitor a sample "w situ'\ or immediately after a sample has been taken, reducing the 
likelihood of a sample degrading before being tested. This is particularly important 
when testing biological samples or potentially radioactive samples, due to the 
potential for degradation of the species under test. It is therefore desirable to provide 
a portable sensor. Furthermore, it is also desirable to provide a hand-held sensor 
which may readily be used by an unskilled person in a non-laboratory setting such as 
at home, at a doctor's surgery or clinic. This is especially important when testing 
biological samples, for example for testing for a biological condition. 

According to the present invention there is provided an electrochemical sensor 
for a liquid sample, the sensor comprising a substrate along which a liquid may travel 
by capillary action, said substrate being associated with an electrochemical detection 
arrangement and a power source therefor, wherein the power source comprises at least 
one pair of electrodes of dissimilar material provided on the substrate and arranged 
such that liquid travel between the electrodes causes a current to be generated for 
operating the electrochemical detection arrangement. 
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T.e p»»n, — *u. P«.vid. an elccUoch^ical s«,»r ta. has hs o», 
i„,eM power »«e. When is applied » *e sensor i. »i.> ,e„d .o be drawn 
::„^h:s*ra,eh,cap«,ar,ac.on.ndwiU,noU«n«.prev>„.l,d.,s„b^^^ 

allowing curren. to be generated by the power source. 

Examples of materials 6om whieh the electrodes may be ,«ie include carton 
,old silver, copper, tin. lead, iron and zinc. Preferably, the decides are ntade o^ 
a^nrilar ntetals and a most prrferred arrangement has alten^tiug -PP« zntc 
electrodes. 

,„ a preferred arrangement according to present inven^on the elec^odes 
comprises a plurality of fingers arranged such fut tl. =le«rodes of one mater.^ are 
:3iZed w,.h .hose electrodes of a.»th.r d^imilar material .ch that current, m 
fl« pre^ of liquid, may flow from one electrode to another. 

This preferred anangement provides a sorsor with increased power, in « the 
more fingers there are the more power is provided to the sensor. 

,„ this arrangement the amount of current generated by *e pow» sou^^s 
dependent upon ,h. length of travel of the liquid sample along ^ substrate and*e 
and lun. of the electrolyte in the sample under test. For example, the 
Iple is water from a fresh-water laRe, the pow„ generated fcr a parueular leng* o 
travel aiong the substr^e will be low as compared to the power generated by 
r lTlgth of .rave, as a sea water sampl. with a higher salt content a.^ 
Ter^ : higher ionic strength In cer.in circumsunces. when samples o low torn 
K hei„. tested i, is advantageous to pre-apply extra .le«roly« .0 the 

:r;r:pi:s-,hes„bstrateau^^ 

testing samples containing electrolytes of low ionic strength. 

According to a preferred embodiment the sensor comprises a fust liquid travel 
^e .powe ttacn P™v,ded over a. least pan of itslengd. with apower sour. 
He of i—ted electrodes of d.ssrmilar mateHals, and a second hqmd travel 



3NSDOCID: <WO 0033063AUL> 



wo 00/33063 PCT/GB99/03920^ 



track (the "analysis track") provided at its downstream end with a detection electrode 
arrangement associated with the electrochemical detection arrangement. 

According to one embodiment, the power track is arranged such that sufficient 
power is generated for the electrochemical detection arrangement when sufficient 
liquid has travelled along the assay track for the liquid to reach the detection 
electrodes. 

It is preferred that in this arrangement that the two liquid travel tracks are 
discrete and are separated by a liquid impermeable barrier. 

In another preferred arrangement the sensor further comprises a sample 
application region in fluid communication with the liquid travel track(s). Preferably 
the sample application region is an absorbent pad. 

In order to provide an improved device a third travel track may be provided to 
acts as a control against which to compare the assay track results to take account of 
any artefacts in the liquid sample which may affect the level of label detected by the 
electrochemical detection arrangement. 

The electrochemical sensor may further comprise indicator means to display 
test results. Preferably, the indicator means incorporates an electronic circuit that 
interprets the output of the electrochemical detection arrangement and provides a 
specific signal at the indicator means depending upon the test results. Preferably the 
electronic circuit is a logic circuit. It is also envisaged that an amplifier circuit may 
also be used. 

The signal at the indicator means may be clearly visible or rfiay alternatively 
be audible. Suitable indicator means include liquid crystals or light emitting diode 
displays. 
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c mav show that the test is positive 
ro, , specif "eg*e =P=- " ^^^^^ , p«,e«d ind^- 

^ is . "uaff.c U^. J ^ i„^„el»sive .es. « 

^„es.ag.and«-»mea^.o.nd.ca.e*a. 

:„jicaK« means this may be >° 
„ ^ >„.o-.We res,.-. . ^ l«e so « „« e.u^ PO^ 

„o. be ge«a«d a. .he "^^f^, ^Hd„g ihsuff.cie„< uave. of .He 

^„ be abie .o ^. or .ha. ^^^^f ^^ ^ ^ .0 reach * ae.ee.cn 
3».p,e«quidalo.8*e assays* has oce- 

electrodes. 

„.c«^foraaa..pe«.-'*»P*°"™*"°' 

f a substance by means of 
^ an>pe,ome.ric de.ec.o, "^IL are .ransferred as 

a part of the reaction, sotnaim 
™„„„.of««3*s...eeseenby.hede«c.or. 

chemical deleclor dial measures die 

concentration of a suosia 
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specially prepared surface and a solution containing the substance being measured. A 
coulometric detector detects differences in charge. 

Preferably, the electrochemical detection arrangement is printed onto the 
substrate as a printed circuit board (PCB). Preferably, the detection electrodes are also 
printed onto the substrate. 

The presence of a species under test may be determined by the sensor either 
directly or indirectly. By directly detectable we mean that it is the species itself that is 
detected at the electrochemical detection arrangement. Examples of directly 
detectable species include metals, for example from soil or water samples. The 
conductive properties of metals will directly provide a change in potential when 
presented to the electrochemical detection arrangement. 

By indirectly detectable we mean that the species is labelled with an 
electrochemically detectable label. The sensor may for example be used to detect the 
levels of analyte in a biological sample and in which case the sensor is essentially as 
disclosed in our co-pending U.K. patent applications, number 9813721.9 and number 
9822076.7 (see PCT/GB 99/02022) and includes the power source according to the 
sensor device of the present invention. 

To detect the levels of an analyte in a biological sample the analyte may be 
specifically labelled. Labelling of the species under test may be effected by supplying 
a binding partner specific for an analyte that may be present in the sample. This 
specific binding partner has a label that is either directly or indirectly detectable by the 
electrochemical detection arrangement. 

The sensor apparatus may be arranged such that only electrochemically 
detectable label that has resulted directly or indirectly from the analyte binding to a 
reagent specific for that analyte is measured by the electrochemical detection 
arrangement. Unbound analyte, label free in solution or labelled or unlabelled specific 
binding partner that has not bound analyte are not detected. 
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Examples of 3p«ific binding partners for an analy« include specfic 
3„.iWies antigens, neep.o. for ^ analyre. for example if «.e analyu is a ormone 
Ccfc Jing reagen. ma, be i« recepior. enzymes wWeh bind U,e analyle, any 
1, pr„,ei„ capable of recognising ^ binding » .be a„a.y« or a „on-pro.n.ceous 
compound having analyte binding capacity. 

P^ferred directty electrochenncally de.ec.able labels are electtoacUve species 
promo,, a change ,n po»«ia, a. *e ele^rochemica. de^don arr^g^e- 
Examples of e,ec«>ac,ive species «hich ma, directly change the potenttal at the 
!,::olical detection arrangement are metals a». me.a. ions. s«b as sodtnm. 
ralnminium and potassium, as - as calcium ions, hydrogen ions. «uonde .ns 
::'.mmonium tons. Ue conducive proper«.s of metals wiU dtrecUy provde a 
change in potential when present a. the electrochemical detection anangemen.. 

Examples of electroactive species which may indireCl, change *e potenda. a, 

«,^«t arp those that undergo redox reactions, tor 
the electrochemical detection anangement are tee 0«. a s 

■A. ™,v .enerale hydrogen ions which may change me 
example hydrogen pen>x,de ma, generate n,<. g 

notential a. .he electrochemical det«:tion arrangemenl. Preferred .nd.«. , 
^Helny detectable labels are reagen. ^ « leas, one reason a. a 

regton .L produce a species *at is directly 0, indireCy elec«.hem,cally 
rlhle A preferred indirectly elect^chemically detectable Ubel ,s ^ ^ 
^rcatalyscs a ..action at a reaction re.on on *e s.bstia.e which ^u^^ 
.pccies Which is direCy or indirecti, elecuochemically de.ecub,e. To ^ 
Icial results from being generated only indirect label due to analyte btndmg to 
specific binding parme, is able «> reach flte reaction region. 

The enzyme label preferably caulyses one re^tion .ha. produces a species « 
. elccochemicaiw detectahle label or may initiate a cascade of reaction wlnc^ a^ 
point i„ the cascade produces a species that is elect^chemicall, de««b,e ^b^l.^ 
Lple of an en^nie which ,s a suitable indirecU, elec.,oc« detectable la^l 
le Lyme PI nuclease. P, nuclease initiates a cascade reaction ti.t activates th. 
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enzyme glucose oxidase to catalyse the reaction of glucose to gluco 1 ,5, lactone with 
the release of hydrogen peroxide. The levels of hydrogen peroxide generated may be 
indirectly measured by the electrochemical detection arrangement. Alternatively, 
horseradish peroxidase may also be present and this may catalyse the reduction of 
hydrogen peroxide to water by reductant, the water also being indirectly detectable at 
the electrochemical detection apparatus. 

An advantage of using PI nuclease as an indirectly electrochemically 
detectable label is that the cascade reaction initiated by PI nuclease amplifies the 
effect of the presence of analyte at the electrochemical detection apparatus by up to 
10^ times. This allows low levels of analyte in a sample to be detected. 

A typical embodiment of the invention is an electrochemical sensor 
incorporated in a hollow liquid-impermeable casing, the sensor communicating 
directly or indirectly with the exterior of the casing such that a liquid sample may be 
applied to the sample application region of the sensor. 

An important preferred embodiment of the present invention is the choice of 
nitro-cellulose as the substrate. Nitro-cellulose is readily available in a range of pore 
sizes and this facilitates the selection of a substrate to suit requirements such as sample 
flow rate. 

Preferably, the substrate has a pore size of at least one micron. Preferably, the 
substrate has a pore size of not greater than about 20 microns. Generally a substrate 
having a pore size of between about 8-12 microns is preferred. It is preferable that the 
flow rate of the sample tliiough the carrier should be at a rate of Icrn in not more than 
2 minutes but slower flow rates may be used if desired. 

The electrochemical sensor apparatus according to the present invention may 
be used to determine a wide variety of species. The species can be, for example a 
metal, mineral or chemical, such as pesticides or may be biological, for example a 
virus, protein or other analyte. The analyies can be, for example, proteins, antigens. 
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„e„,s fo, ex»pl. infecSous .g««s of bac.cn.1 on^ such as Chlamyd ^ 

TKe senso, also b. «d =— * » ^ °' 

„,i„erals or chemicaU in rivm. ^ or soil, for example. 

•nre invito »iU b. fWher described b, way of example orjy wid. reference 
to the accompanying dtamngs in which: 

f , is a schemadc perspective view of a «ra enrbodiment of a sensor 
apparatus in accordance widl flK present invention; 

Figure 2 is a schen,a«c plan view of a firs, en,bodin»n. of a sensor apparauts 
in accordance wifli the present invention; 

Figure 3 is a schenratic view of a firs. en,bodin»nt of a sensor apparatus in 
accordance with dre present invention in a casing: and 

Figure 4 is .schematic view of U.e exterior of dte casing show, in Figure 3. 

AS shown in Figures 1 and 2, an electrochemical sensor in accordance with tite 
i^endotclpr^alomatographicsubstratelprovidedatoneendw,.^^^^^^ 
.• ■ oJon 2 and at the opposite end with an electrochemical detection 

::i:i:,rra„gemen.3.d»substratelissub-divided,ongi.udinai,yin.o.wopara„el 
liquid travel tracks 4 and 5, separated by a plastics bamer 6. 

Travel tracK 4 is provided with an electrode arrangement comprising two 
electrodes 7 and each extending subsUmtially along the entue length of t e ^ 
?ht Erodes 7 and 8 are of dissimUar materials and each comprises a plural.ty of 
r: are interdigitated wid, those of ^ other electrode. At dte downstre^ 
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end of the travel track 4, the electrodes 7 and 8 are electrically associated with the 
electrochemical detection arrangement 3 and, as described more fully below, provide a 
power source therefor. 

Travel track 5 is an "assay" track and is provided at the downstream end 
thereof with a pair of detection electrodes 9 capable of detecting electrochemically 
detectable species. The detection electrodes 9 are electrically associated with the. 
electrochemical detection arrangement 3. 

In use of the electrochemical sensor, liquid sample to be analysed is applied to 
the sample application region 2 and travels along both liquid travel tracks 4 and 5. 
Liquid travel along travel track 4 provides an electrochemical pathway between the 
electrodes 7 and 8, with consequent situ^' generation of an electrochemical cell 
which provides a power source for operating the electrochemical detection 
arrangement 3. 

The illustrated device incorporates an indicator display arrangement 10 linked 
via electronic circuitry to the elecU*odes 7 and 8 and to the detection arrangement 3. 

In Figures 1 and 2 tlie indicator display 10 comprises a coloured light 17. 
Illumination of the light 17 indicates that the liquid sample has travelled far enough 
along the travel track 4 for the power source to generate sufficient current to run the 
sensor- 
Further illumination display means may be provided to indicate the test results. 
Such illumination display means may comprise a text message, or preferably, as 
shown in Figures 1 to 4 may comprise a traffic light display of thre^ lights 18, 19 and 
20, one of which is illuminated dependent upon the test results. Light 1 8 is coloured 
green and its illumination indicates that the test gave a positive result, light 19 is 
coloured amber and its illumination indicates that the test results were inconclusive 
and the test should be continued and light 20 is coloured red and its illumination 
indicates that the test ga\'e a negative result. 
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AS shown in np^s 3 «■ 4 an el«ttochemical sensor in accordance wiU, a 
p.fe.ea e^^in-e^ of invenUon is ir^rpo^ted i«o a casin. » wiu* ^ - 
' m« 12 above *. sample application «eio. 2 a»i an aperture 13 above 

r n-eans 10. The e—ca, s^r «.er a cap H for »n, over 
Aecasingll ,o cover *eape,»e 12 when*.. lecttoch«nical sensor .s no. m«s=. 

Wi.h reference ,o Figure 3. an elecnochemical sensor in acco.<lance wi* a 
preferred embodiment .he pr«en, invention will be described in use below. 

The electrochemical sensor described with refere«.e Figure 3 is arranged » 
detect the presence of an indirectly electrochemical analyte in a biological sample, n 
rlgLm the assay tracK 5 comprises, in the direction of «uid flow Sotn ^ 

33mple application region 2 to ^ electrochemical de.«:tion 3^™ 
sample region ,5 and a third 

longitudinal spaced airangement, a first region i , , ,v . iie 

Jon .6. each region extending across the entire width of the assay trae. 5. U 
Xial sep^tion along travel tra* 5 between regions 14. .5 and ,6 can be o, an, 
length as long as the regions are separated. 

The firs, region 14 is printed or impregnated with a specific anti-™l>- 
^^y which is labelled with PI nuclease (an enzyme,. PI m^lease .uelf^-« 
.ecJemicall, detectable. Tlte second region >5 -'-^--^^-"Z 
anti^anti-analyte antibodv which only binds free labelled arti-analyte anhb^dy. The 

«^egion 6 comprises an enzyme site compHsing all the substrates and ettzymes 
tl;, PI nuclease, necessary for a cascade reaction whose initial reacnon is 

catalysed by PI nuclease. 

in use a liquid sample ,s applied to an electrochemical sensor as shown in 
P.,ure4through the aperturensuchthat the liquid is soalced up ontheabsorb^^^^ 
of the sample application region 2. The liquid sample then migrates along the 
substrate travel tracks by capillary action. 
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As the liquid of the sample migrates along travel track 4, it moistens the 
previously dry substrate and allows current to flow from the interdigitated electrodes 7 
and 8 towards the electrochemical detection arrangement 3. When sufficient current is 
supplied to the electrochemical detection arrangement 3 this causes the electronic 
circuit to cause illumination of light 17 of the indicator display. 

The migration of the sample along the assay track 5 moistens the previously 
dry substrate and draws with it dissolved or dispersed reagents present on the track 5. 
Analyte in the sample binds at the first region 14 with a specific anti-analyte antibody 
that is labelled with PI nuclease (an enzyme). PI nuclease itself is not 
electrochemically detectable. As the liquid is drawn along the track 5 it draws the 
analyte bound labelled specific antibody to the second region 15. At the second region 

15 the analyte bound labelled specific antibody will bind to anti-anti-analyte antibody 
which only binds free labelled analyte bound antibody to form a labelled complex. 
Continued migration along the track 5 draws the labelled complex to the third region 

16 which comprises an enzyme site comprising all the substrates and enzymes (except 
PI nuclease) necessary for a cascade reaction whose initial reaction is catalysed by PI 
nuclease. When this occurs, the cascade reaction catalysed by PI nuclease can occur 
resulting in the production of hydrogen peroxide which may be detected at the 
detection electrodes 9. 

The amount of hydrogen peroxide present at the test electrodes 9 is interpreted 
by the electronic circuitry and causes illumination of one of the three coloured lights 
18, 19, and 20 of the illumination display means dependent upon the test results. 

Although the example refers to the detection of an analyte. which is itself 
indirectly electrochemically detectable it is also envisaged that the electrochemical 
sensor may be used to detect electrochemically detectable species such as metals. In 
such an arrangement, the assay track need not comprise any of the three regions 14, 15 
or 16 as the species to be detected will be directly detectable at the detection electrodes 
9 and this will be indicated provided that sufficient flow of sample has occurred to 
power the electrochemical detection arrangement. 
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CLAIMS 

1. An electrochemical sensor for a liquid sample, the sensor comprising a 
substrate along which a liquid may travel by capillary action, said substrate being 
associated with an electrochemical detection arrangement and a power source 
therefor, wherein the power source comprises at least one pair of electrodes of 
dissimilar material provided on the substrate and arranged such that liquid travel 
between the electrodes causes a current to be generated for operating the 
electrochemical detection arrangement. 

2. An electrochemical sensor as claimed in claim 1 in which the electrodes 
separately comprise carbon, or one or more metals. 

3. An electrochemical sensor as claimed in claim 1 or claim 2 in which the 
electrodes separately comprises copper and zinc. 

An electrochemical sensor according to claim 1 in which one or more 
electrodes of one material are interdigitated with those electrodes of another 
dissimilar material such that current, in the presence of liquid, may flow from one 
electrode to another. 

5 An electrochemical sensor according to any preceding claim, comprising a 
first -liquid travel tmck (the "power track") provided over at least part of its length 
with a power source fomied of interdigitated electrodes of dissimilar materials, and a 
second liquid travel track (the "analysis track") provided at its downstream end with a 
detection electrode arrangement associated with the electrochemical detection 
arrangement. 

6. An electrochemical sensor according to claim 5 in which the two liquid travel 
tracks are separated by a liquid impermeable barrier. 



4 
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7. An electrochemical sensor according to any preceding claim further 
comprising indicator means. 

8. An electrochemical sensor according to claim 7 in which the indicator means 
comprises a liquid crystal display. 

9. An electrochemical sensor according to any one of claims 1 to 8, in which the 
substrate comprises one or more reagents which in the presence of the species under 
test induce a reaction that produces a species that is directly or indirectly 
electrochemically detectable at the electrochemical detection arrangement. 
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